The development of promising magnetic nanocatalysts is one of the key research topics in the field of catalysis. This is because of their versatile surface physicochemical, magnetic, and size-dependent catalytic properties. Herein, an optimization strategy for the synthesis of high-value fuel grade chemicals from hydro-deoxygenation of biomass-derived furfural and vanillin using a nanostructured magnetic Fe(NiFe)O 4 -SiO 2 catalyst, synthesized by a facile one-pot procedure, was presented. Accordingly, effects of calcination temperature from 400, 500, 600 to 700 • C on the structure-activity properties of the magnetic Fe(NiFe)O 4 -SiO 2 catalyst was systematically studied. The magnetic Fe(NiFe)O 4 -SiO 2 catalyst calcined at 500 • C exhibited the best catalytic performance, giving full conversions of vanillin and furfural, with good selectivity of 63 and 59% to cyclohexane and n-pentane (fuel grade chemicals), respectively. The prowess of this catalyst was attributed to its abundant acid properties in addendum to high BET surface area.
Introduction
Valorization of lignocellulosic biomass and its derived compounds into fuels and chemicals is a key research topic of the 21st century in view of finding sustainable alternatives to fossil fuel-derived products. Lignocellulosic biomass is abundantly produced via photosynthesis by means of water, sunlight, and atmospheric CO 2 . Hence, in addition to providing alternative fuels and chemicals, promising valorization of biomass could assist in reducing the net emissions of CO 2 through the interplay chemistry of biorefinery and photosynthesis processes, which require economically viable processing methods [1] [2] [3] [4] [5] [6] . Both homogeneous and heterogeneous catalysts play a critical role in biomass processing towards high-value chemicals. However, efficient catalyst recovery/reusability remains a great challenge, especially in homogeneous catalysis in which both reactants and catalysts are in the same phase, mostly liquid phase. Although filtration or centrifugation are used for the recovery of heterogeneous catalysts (typically solids), these post-reaction steps are time-consuming, uneconomical, and generates huge amounts of solvent waste. In this context, the application of magnetically recoverable catalysts in biomass valorization would be a promising strategy as they not only enable the efficient catalyst recovery using external magnets, but also exhibit reasonably good catalytic performance because of their unique nanoscale properties [7] [8] [9] [10] [11] [12] [13] .
Magnetic nanoparticles (MNPs) have been widely used as the catalyst supports as well as the catalytic active components in many chemical reactions, such as oxidation, C−C and C−X (X = N, Cl, S, and O) coupling, and hydroprocessing [14] [15] [16] . However, relatively less attention has been paid towards the catalytic application of MNPs in biomass valorization reactions. This is because biomass valorization involves complex reactions, and, thus, understanding the structure-activity properties of MNPs-based catalysts is quite difficult and has not been investigated before. Although structure-activity relationships were proven for non-magnetic nanocatalysts, so far it has been for non-hydroprocessing reactions [17] [18] [19] [20] . Therefore, understanding the structure-activity capability of MNPs-based catalysts for the hydrodeoxygenation reaction is necessary, especially for the production of fuel grade molecules from biomass-derived compounds.
In view of the above opportunities, the present work has been focused on modifying the properties of a magnetic Fe(NiFe)O 4 -SiO 2 catalyst, synthesized by using a facile one-pot strategy. The effect of calcination temperature from 400 to 700 • C on the magnetic, textural, acid, and catalytic properties of the developed magnetic catalyst was thoroughly investigated. The catalytic efficiency of magnetic Fe(NiFe)O 4 -SiO 2 catalysts was tested for hydro-deoxygenation of two biomass-derived compounds, such as furfural (hemicellulose-derived compound) and vanillin (lignin-derived compound). A handful of physicochemical characterization techniques were employed to obtain a clear insight into the textural, acid, and magnetic properties of Fe(NiFe)O 4 -SiO 2 catalysts. In this work, we mainly focused on achieving improved yields of saturated hydrocarbons from furfural and vanillin because saturated hydrocarbons can be used as potential fuel grade chemicals. Possible reaction pathways were proposed for the hydro-deoxygenation of furfural and vanillin over the magnetic nanocatalyst.
Experimental

Catalyst Preparation and Heat Treatments
A magnetic Fe(NiFe)O 4 -SiO 2 catalyst was prepared similarly to the method reported in the literature [5] . In a typical heat treatment experiment, 2 g of Fe(NiFe)O 4 -SiO 2 was placed in a P300 Nabertherm furnace coupled with a temperature controller. Heat treatments were conducted at set point temperature (SPT n ; n = 1, 2, 3 & 4), i.e., SPT 1 = 400 • C, SPT 2 = 500 • C, SPT 3 = 600 • C, and SPT 4 = 700 • C under controlled temperature ramping of 1 • C/min starting from room temperature (RT). During heat treatments, where a ±T • C error drift was observed from the RT~28 • C, the conversion factor t 1 = T • Ramp /(SPT n − RT) was used so that 1 • C/min ramping is always maintained for the heat flow across the catalyst material under a static environment (t 1 = ramping time). However, for RT 28 • C, SPT n is inserted together with the T • Ramp = 1 • C/min to compute t 1 .
Catalyst Characterization
N 2 adsorption-desorption studies were carried out for the Fe(NiFe)O 4 -SiO 2 catalyst on Micromeritics TriStar II 3020 adsorption apparatus using the ASTM D 3663-03 test method. This was followed by powder X-ray diffraction (XRD) on XRD Bruker D8 advance instrument. High-resolution transmission electron microscopy (HRTEM) analysis of the 400 • C treated Fe(NiFe)O 4 -SiO 2 catalyst was also performed on a JEOL JEM-3010. The magnetic properties of Fe(NiFe)O 4 -SiO 2 catalysts were measured using a Lakeshore 7400 series vibrating sample magnetometer (VSM), coupled with an electromagnet field sweeping from −10 kOe to +10 kOe at room temperature. The NH 3 -TPD analysis of the catalysts was done on TPDRO 1100 series equipped with a TCD detector. The pyridine adsorption FTIR analysis of Fe(NiFe)O 4 -SiO 2 catalysts was done on a Bruker FTIR IFS 66/S instrument.
Catalytic Activity Studies
The catalytic performance of magnetic Fe(NiFe)O 4 -SiO 2 nanocatalysts was investigated for the hydro-deoxygenation of furfural and vanillin in an automated 100 mL (42 mm ID) capacity autoclave reactor made of Hast-alloy C 276 material. Activated Fe(NiFe)O 4 -SiO 2 catalyst amounting to 60 mg was introduced in 20% (v/v) furfural or 0.3 g vanillin reaction mixture from a catalyst bulb in heptane and heptane:H 2 O (95:5) solvents, respectively. The reaction was performed at 250 • C and 90 H 2 bar for 4 h reaction time. After completion of the reaction, an Agilent 6890N with 5973 MSD analyzed the reaction mixture and further quantitative analysis was performed on an Agilent 6890N GC-FID with DB-wax column. (Figure 1c ). In contrast, the H1-type hysteresis loop was noticed for 500, 600, and 700 • C treated Fe(NiFe)O 4 -SiO 2 catalysts, indicating the formation of well-defined mesopores [25] . The hysteresis loop of Fe(NiFe)O 4 -SiO 2 material shifts to higher relative pressures with the increase of heat treatment from 400 to 500 • C and, then, there was no much difference in the shape of the hysteresis loop up to 700 • C. The shifting of the hysteresis loop towards higher relative pressures showed the formation of larger pores in the Fe(NiFe)O 4 -SiO 2 catalyst. The BET surface area values were 61.05 m 2 /g, 57.03 m 2 /g and 56.5 m 2 /g for 400 • C, 600 • C, and 700 • C calcined Fe(NiFe)O 4 -SiO 2 catalysts, respectively (Figure 1d ). However, a superior BET surface area of~259 m 2 /g was found for the 500 • C calcined Fe(NiFe)O 4 -SiO 2 catalyst [5] . This suggested that the specific surface area was maximized for 500 • C calcined sample in order to compensate for surface atom energetics in contrast to 400, 600, and 700 • C calcined samples. Their BET surface areas were minimized to compensate for surface atom energetics. The pore volume and pore size of Fe(NiFe)O 4 -SiO 2 catalysts were found to be in the range of 0.21-0.9 cm 3 /g and 6.8-10.9 nm, respectively ( Figure 1d ). Figure 2 shows NH3-TPD and pyridine FT-IR profiles of Fe(NiFe)O4-SiO2 magnetic catalysts. According to Figure 2a , the temperature at which NH3 molecules are desorbed from the catalyst surface reveals the acid strength of the catalysts. Generally, the peaks that was observed at <200 °C, 300-500 °C range and >500 °C can be assigned to NH3 molecules desorbed from surface weak, medium, and strong acid sites, respectively [25] . A higher intensity peak corresponding to strong acid sites was noticed at 554, 556, 552, and 554 °C for the Fe(NiFe)O4-SiO2 catalyst calcined at 400, 500, 600, and 700 °C, respectively (Figure 2a ). Medium strength acid site peaks were noticed at 487, 485, 487, and 489 °C for the same range of temperature treatments (Figure 2a ). Weak acid site peaks were also noticed at 152, 158, 146, and 142 °C for the same range of temperature treatments. These observations indicated that irrespective of the temperature treatment within the range of 400 °C to 700 °C, the catalyst contains weak, medium and strong acid sites on its surface. Additionally, pyridine adsorbed FT-IR studies reveal the presence of both Brӧnsted and Lewis acid sites on the catalyst surface ( Figure 2b ). The Fe(NiFe)O4-SiO2 catalyst calcined at 700 °C exhibited several peaks due to strong Lewis acidic site-bonded pyridine at 1437 cm −1 , weak Lewis acidic site-bonded pyridine at 1580 cm −1 and pyridinium ion on Brӧnsted acid sites at 1645 cm −1 as well as trivial peaks due to hydrogen bonded pyridine at 1597 cm −1 . For the catalyst calcined at 600 °C, very low-intensity peaks were observed, corresponding to strong Lewis acidic site-bonded pyridine at 1439 cm −1 and pyridinium ion on Brӧnsted acidic sites at 1655 cm −1 . The peak at 1482 cm −1 can be assigned to pyridine associated with both Brӧnsted and Lewis acid sites, whereas the peak at 1581 cm −1 is assigned to weak Lewis acidic site-bonded pyridine and the peak at 1437 cm −1 corresponds to strong Lewis acidic sitebonded pyridine for Fe(NiFe)O4-SiO2 (calcined at 500 °C). The catalyst calcined at 400 °C exhibited very low-intensity peaks at 1439 cm −1 for strong Lewis acidic site-bonded pyridine and 1655 cm −1 for pyridinium ion on Brӧnsted acid sites. These observations are in line with previous reports [26] [27] [28] . Therefore, the developed magnetic catalysts exhibited considerable amounts of all types of acidic sites, which could play a key role in hydrodeoxygenation of biomass-derived compounds as discussed in the catalytic activity part. Figure 2 shows NH 3 -TPD and pyridine FT-IR profiles of Fe(NiFe)O 4 -SiO 2 magnetic catalysts. According to Figure 2a , the temperature at which NH 3 molecules are desorbed from the catalyst surface reveals the acid strength of the catalysts. Generally, the peaks that was observed at <200 • C, 300-500 • C range and >500 • C can be assigned to NH 3 molecules desorbed from surface weak, medium, and strong acid sites, respectively [25] . A higher intensity peak corresponding to strong acid sites was noticed at 554, 556, 552, and 554 • C for the Fe(NiFe)O 4 -SiO 2 catalyst calcined at 400, 500, 600, and 700 • C, respectively ( Figure 2a ). Medium strength acid site peaks were noticed at 487, 485, 487, and 489 • C for the same range of temperature treatments ( Figure 2a ). Weak acid site peaks were also noticed at 152, 158, 146, and 142 • C for the same range of temperature treatments. These observations indicated that irrespective of the temperature treatment within the range of 400 • C to 700 • C, the catalyst contains weak, medium and strong acid sites on its surface. Additionally, pyridine adsorbed FT-IR studies reveal the presence of both Brönsted and Lewis acid sites on the catalyst surface ( Figure 2b ). The Fe(NiFe)O 4 -SiO 2 catalyst calcined at 700 • C exhibited several peaks due to strong Lewis acidic site-bonded pyridine at 1437 cm −1 , weak Lewis acidic site-bonded pyridine at 1580 cm −1 and pyridinium ion on Brönsted acid sites at 1645 cm −1 as well as trivial peaks due to hydrogen bonded pyridine at 1597 cm −1 . For the catalyst calcined at 600 • C, very low-intensity peaks were observed, corresponding to strong Lewis acidic site-bonded pyridine at 1439 cm −1 and pyridinium ion on Brönsted acidic sites at 1655 cm −1 . The peak at 1482 cm −1 can be assigned to pyridine associated with both Brönsted and Lewis acid sites, whereas the peak at 1581 cm −1 is assigned to weak Lewis acidic site-bonded pyridine and the peak at 1437 cm −1 corresponds to strong Lewis acidic site-bonded pyridine for Fe(NiFe)O 4 -SiO 2 (calcined at 500 • C). The catalyst calcined at 400 • C exhibited very low-intensity peaks at 1439 cm −1 for strong Lewis acidic site-bonded pyridine and 1655 cm −1 for pyridinium ion on Brönsted acid sites. These observations are in line with previous reports [26] [27] [28] . Therefore, the developed magnetic catalysts exhibited considerable amounts of all types of acidic sites, which could play a key role in hydrodeoxygenation of biomass-derived compounds as discussed in the catalytic activity part. 
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Effect of Calcination Temperature on Magnetic Properties of Fe(NiFe)O4-SiO2 Catalyst
The correlation of magnetic properties (magnetization, magnetic remanence, and coercivity) of Fe(NiFe)O4-SiO2 catalysts with the calcination temperature is shown in Figure 3 . Therein, the results revealed that all the Fe(NiFe)O4-SiO2 catalysts exhibit considerable magnetization: 35.11 emu/g (700 °C), 32.75 emu/g (600 °C), 38.65 emu/g (500 °C), and 32.91 emu/g (400 °C), supporting their promising applications for facile catalyst recovery. On the other hand, lower coercivity and remanence values were found in the Fe(NiFe)O4-SiO2 catalyst at all heat treatments in comparison to the magnetization. 
Activity Studies of Magnetic Fe(NiFe)O4-SiO2 Catalyst
Hydrodeoxygenation of Vanillin
The catalytic efficiency of heat-treated magnetic Fe(NiFe)O4-SiO2 catalysts was studied for hydrodeoxygenation (HDO) of vanillin and furfural at 250 °C and 90 H2 bar for 4 h. The main products in the HDO of vanillin were cyclohexane, cyclohexanol, cyclohexanone, phenol, 2-methoxyphenol, and 3-(hydroxymethyl)-2-methoxyphenol (Table 1) . Vanillin conversion was found to be 100% for all the calcined catalysts. In contrast, calcination temperature showed a noticeable effect on the catalyst's performance in product selectivity. For the Fe(NiFe)O4-SiO2 (400 °C) catalyst, a high selectivity of vanillin HDO to cyclohexanone (~56%) was established, whereas only a 21% 
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Activity Studies of Magnetic Fe(NiFe)O4-SiO2 Catalyst
Hydrodeoxygenation of Vanillin
The catalytic efficiency of heat-treated magnetic Fe(NiFe)O4-SiO2 catalysts was studied for hydrodeoxygenation (HDO) of vanillin and furfural at 250 °C and 90 H2 bar for 4 h. The main products in the HDO of vanillin were cyclohexane, cyclohexanol, cyclohexanone, phenol, 2-methoxyphenol, and 3-(hydroxymethyl)-2-methoxyphenol (Table 1) . Vanillin conversion was found to be 100% for all the calcined catalysts. In contrast, calcination temperature showed a noticeable effect on the catalyst's performance in product selectivity. For the Fe(NiFe)O4-SiO2 (400 °C) catalyst, a high selectivity of vanillin HDO to cyclohexanone (~56%) was established, whereas only a 21% (Table 1) . Vanillin conversion was found to be 100% for all the calcined catalysts. In contrast, calcination temperature showed a noticeable effect on the catalyst's performance in product selectivity. For the Fe(NiFe)O 4 -SiO 2 (400 • C) catalyst, a high selectivity of vanillin HDO to cyclohexanone (~56%) was established, whereas only a 21% cyclohexane selectivity was achieved. Similarly, the catalyst treated at a higher temperature showed low selectivity to cyclohexanone, while the selectivity of cyclohexane was increased: Fe(NiFe)O 4 -SiO 2 (500 • C) = 63%, Fe(NiFe)O 4 -SiO 2 (600 • C) = 54%, and Fe(NiFe)O 4 -SiO 2 (700 • C) = 53%. In addition, considerable amounts of cyclohexanol and 2-methoxyphenol are formed over the Fe(NiFe)O 4 -SiO 2 catalyst at all calcination temperatures. Despite the calcination temperature applied, negligible amounts of phenol and 3-(hydroxymethyl)-2-methoxyphenol were observed. In Fe(NiFe)O 4 -SiO 2 (500 • C) the catalyst showed high selectivity to cyclohexane (Table 1) . These results are in accordance to the explanation given in Sections 3.4.2 and 3.5 and to the fact that acidity and different acid sites of the catalyst can improve the cracking steps through dehydration, in line with the literature reports [29, 30] . In addition, the catalyst calcined at 500 • C showed good reusability for at least four cycles (Figure 4) . cyclohexane selectivity was achieved. Similarly, the catalyst treated at a higher temperature showed low selectivity to cyclohexanone, while the selectivity of cyclohexane was increased: Fe(NiFe)O4-SiO2 (500 °C) = 63%, Fe(NiFe)O4-SiO2 (600 °C) = 54%, and Fe(NiFe)O4-SiO2 (700 °C) = 53%. In addition, considerable amounts of cyclohexanol and 2-methoxyphenol are formed over the Fe(NiFe)O4-SiO2 catalyst at all calcination temperatures. Despite the calcination temperature applied, negligible amounts of phenol and 3-(hydroxymethyl)-2-methoxyphenol were observed. In Fe(NiFe)O4-SiO2 (500 °C) the catalyst showed high selectivity to cyclohexane (Table 1) . These results are in accordance to the explanation given in Sections 3.4.2 and 3.5 and to the fact that acidity and different acid sites of the catalyst can improve the cracking steps through dehydration, in line with the literature reports [29, 30] . In addition, the catalyst calcined at 500 °C showed good reusability for at least four cycles ( Figure 4 ). 
Hydrodeoxygenation of Furfural
Furfural hydrodeoxygenation results reveal ( cyclohexane selectivity was achieved. Similarly, the catalyst treated at a higher temperature showed low selectivity to cyclohexanone, while the selectivity of cyclohexane was increased: Fe(NiFe)O4-SiO2 (500 °C) = 63%, Fe(NiFe)O4-SiO2 (600 °C) = 54%, and Fe(NiFe)O4-SiO2 (700 °C) = 53%. In addition, considerable amounts of cyclohexanol and 2-methoxyphenol are formed over the Fe(NiFe)O4-SiO2 catalyst at all calcination temperatures. Despite the calcination temperature applied, negligible amounts of phenol and 3-(hydroxymethyl)-2-methoxyphenol were observed. In Fe(NiFe)O4-SiO2 (500 °C) the catalyst showed high selectivity to cyclohexane (Table 1) . These results are in accordance to the explanation given in Sections 3.4.2 and 3.5 and to the fact that acidity and different acid sites of the catalyst can improve the cracking steps through dehydration, in line with the literature reports [29, 30] . In addition, the catalyst calcined at 500 °C showed good reusability for at least four cycles (Figure 4 ). 
Furfural hydrodeoxygenation results reveal ( 
Furfural hydrodeoxygenation results reveal (Table 2) that the calcination temperature has a negligible influence towards furfural conversion. The furfural conversion was found to be 100% for all the catalysts. Three products, namely furfuryl alcohol, tetrahydrofuran, and n-pentane were formed in this reaction. The performance of magnetic catalysts and the effect of calcination temperature in hydrodeoxygenation of furfural are evaluated based on the selectivity of saturated hydrocarbon, i.e., n-pentane, which does not have any oxygen-containing groups. Among the products formed, very low selectivity of furfuryl alcohol was achieved for all the catalysts. The Fe(NiFe)O 4 -SiO 2 (700 • C) shows a high selectivity of tetrahydrofuran, i.e., 58%. Among the catalysts tested, Fe(NiFe)O 4 -SiO 2 (500 • C) catalyst showed 100% furfural conversion and 59% n-pentane selectivity. Hydrodeoxygenation is a typical acid-site driven reaction in which acid sites initiate the removal of oxygen via dehydration and the hydrogenation step is promoted by active phase Ni metal sites. It was obvious that Fe(NiFe)O 4 -SiO 2 (500 • C) showed the best catalytic performance in the HDO of furfural and vanillin. As shown in Figure 2 , despite the calcination temperature employed, the Fe(NiFe)O 4 -SiO 2 catalyst exhibited a high-intensity peak at around 550 • C, indicating the presence of more number of strong acid sites. In addition, the Fe(NiFe)O 4 -SiO 2 catalyst calcined at 500 • C showed superior BET surface area of 259 m 2 /g compared to all the other catalysts. The catalytic materials with a high BET surface area can contain uniform dispersion of catalytic active phase species. Therefore, the high catalytic performance of the Fe(NiFe)O 4 -SiO 2 catalyst calcined at 500 • C is likely to be due to the synergistic effect of its acid properties and larger BET surface area. Moreover, the catalyst calcined at 500 • C showed good reusability up to five cycles as shown in Figure 5 . all the catalysts. Three products, namely furfuryl alcohol, tetrahydrofuran, and n-pentane were formed in this reaction. The performance of magnetic catalysts and the effect of calcination temperature in hydrodeoxygenation of furfural are evaluated based on the selectivity of saturated hydrocarbon, i.e., n-pentane, which does not have any oxygen-containing groups. Among the products formed, very low selectivity of furfuryl alcohol was achieved for all the catalysts. The Fe(NiFe)O4-SiO2 (700 °C) shows a high selectivity of tetrahydrofuran, i.e., 58%. Among the catalysts tested, Fe(NiFe)O4-SiO2 (500 °C) catalyst showed 100% furfural conversion and 59% n-pentane selectivity. Hydrodeoxygenation is a typical acid-site driven reaction in which acid sites initiate the removal of oxygen via dehydration and the hydrogenation step is promoted by active phase Ni metal sites. It was obvious that Fe(NiFe)O4-SiO2 (500 °C) showed the best catalytic performance in the HDO of furfural and vanillin. As shown in Figure 2 , despite the calcination temperature employed, the Fe(NiFe)O4-SiO2 catalyst exhibited a high-intensity peak at around 550 °C, indicating the presence of more number of strong acid sites. In addition, the Fe(NiFe)O4-SiO2 catalyst calcined at 500 °C showed superior BET surface area of ~259 m 2 /g compared to all the other catalysts. The catalytic materials with a high BET surface area can contain uniform dispersion of catalytic active phase species. Therefore, the high catalytic performance of the Fe(NiFe)O4-SiO2 catalyst calcined at 500 °C is likely to be due to the synergistic effect of its acid properties and larger BET surface area. Moreover, the catalyst calcined at 500 °C showed good reusability up to five cycles as shown in Figure 5 . [5] . Therefore, on the basis of BDEs over the catalyst surface, bond cleavage likely follows the order during vanillin HDO: C(sp 3 )-OAr < C(sp 2 )-OMe < C(sp 2 )-OH < C( S p 2 )-O. Most probably, the bond cleavage of vanillin will follow the direct C-O cleavage with the attack of hydrogen at the ipso position (-OH) and at the meso (-OCH 3 ) position followed by hydrogenation on the metal site at the ortho position and then dehydration step over acid sites. This reaction pathway is initiated by tautomerization (Scheme 1). Accordingly, the cyclohexane is formed through a series of reactions from vanillin. By implication, phenol is transformed to phenoxide ion in the presence of acid sites. The phenoxide species can diffuse towards the Ni metal active phase to attack electrophiles, such as H + obtained from the dissociation of H 2 over the metal active phase in the Fe(NiFe)O 4 -SiO 2 catalyst, giving cyclohexanone product [31] . In continuation, cyclohexanone is then directly hydrogenated to form cyclohexanol. The magnetic attributes of the catalysts then induce electron mobility that can enhance the adsorption of cyclohexanol on the catalyst acid sites at the OH terminal, giving cyclohexene through dehydration step. Finally, the cyclohexene is hydrogenated to yield cyclohexane. As observed in the HDO of vanillin, similar trends are also possible for the HDO of furfural by considering the fact that the electron density distribution around the carbonyl functionality stimulates the furfural molecules for hydrogen attack and subsequent decarbonylation at 250 °C and 90 bar H2 conditions. As shown in Scheme 2, adsorption and reaction steps initiating the formation of tetrahydrofuran from furfural was due to the presence of adequate acidic sites, active metal phase, As observed in the HDO of vanillin, similar trends are also possible for the HDO of furfural by considering the fact that the electron density distribution around the carbonyl functionality stimulates the furfural molecules for hydrogen attack and subsequent decarbonylation at 250 • C and 90 bar H 2 conditions. As shown in Scheme 2, adsorption and reaction steps initiating the formation of tetrahydrofuran from furfural was due to the presence of adequate acidic sites, active metal phase, and magnetic functions of the catalysts. The formed tetrahydrofuran is directly hydrogenated over the metal active phase in Fe(NiFe)O 4 -SiO 2 catalyst, giving furfuryl alcohol. Finally, pentane is formed via the ring opening of furfuryl alcohol and the subsequent dehydration step. 
Conclusions
This study rationalized a systematic heat treatment of a magnetic Fe(NiFe)O4-SiO2 catalyst for vanillin and furfural HDO to produce fuel grade chemicals. The magnetic Fe(NiFe)O4-SiO2 catalyst is suitable for hydrodeoxygenation reactions due to the presence of optimized amounts of metal (Ni) and acid active sites. The 500 °C was found to be a suitable calcination temperature for treating the Fe(NiFe)O4-SiO2 catalyst for hydro-processing reactions, evidenced from the selectivity of 63% cyclohexane and 59% n-pentane fuel grade hydrocarbons from HDO of vanillin and furfural at 250 °C and 90 H2 bar for 4 h, respectively. The catalytic efficiency of Fe(NiFe)O4-SiO2 (500 °C) was due to the optimized acid sites, superior surface area, and unique magnetization property. 
Scheme 2.
Possible reaction pathway for hydro-deoxygenation of furfural over Fe(NiFe)O 4 -SiO 2 catalysts.
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